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SEMICONDUCTOR MEMORY DEVICE 
DRIVEN WITH LOW VOLTAGE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor memory 

device, and more particularly to a semiconductor memory 
device including an array con?guration suitable for attaining 
loWer poWer consumption. 

2. Description of the Background Art 
In order to enhance operation characteristics and layout 

ef?ciency of a semiconductor memory device so as to adapt 
to drive With a loWer voltage for attaining loWer poWer 
consumption, an array con?guration in Which a con?gura 
tion of an internal poWer supply system or a circuit con 
?guration of a peripheral circuit is devised is disclosed, for 
example, in Japanese Patent Laying-Open Nos. 8-55480, 
2000-21170, and 9-198867. 

In recent years particularly, a semiconductor memory 
device attaining a smaller siZe and loWer poWer consump 
tion is further strongly demanded, considering mount on a 
portable instrument or the like premised on drive by a 
battery. Accordingly, a transistor (represented by an MOS 
(Metal Oxide Semiconductor) transistor) disposed on the 
semiconductor memory device has come to achieve a 
smaller siZe and a loWer threshold voltage. Under such 
circumstances, aiming to achieve a stabiliZed operation 
under loW voltage drive as Well as optimal design of a poWer 
supply system, further improvement in the array con?gura 
tion has been demanded. 

SUMMARY OF THE INVENTION 

The present invention Was made to solve the above 
described problems, and an object of the present invention 
is to provide a semiconductor memory device including an 
array con?guration suitable for attaining loWer poWer con 
sumption. 
A semiconductor memory device according to the present 

invention includes: a memory cell array having a plurality of 
memory cells arranged in roWs and columns, a plurality of 
Word lines arranged corresponding to the roWs, and a 
plurality of bit line pairs arranged corresponding to the 
columns; a plurality of column selection lines provided 
corresponding to the columns; an address bulfer receiving an 
address signal indicating selection from the roWs and col 
umns; a roW decoder controlling a voltage of the plurality of 
Word lines in accordance With the address signal received by 
the address buffer; a column decoder controlling a voltage of 
the plurality of column selection lines in accordance With the 
address signal received by the address buffer; a plurality of 
sense ampli?ers provided corresponding to the plurality of 
bit line pairs and each amplifying a voltage difference on 
corresponding bit line pair; a data line pair provided in 
common to the plurality of bit lines; a plurality of column 
selection gates provided corresponding to the columns and 
each connccting corrcsponding bit line pair to the data line 
pair in accordance With a voltage of corresponding column 
selection line; a ?rst poWer supply system supplying an 
operating poWer supply voltage for the column decoder; a 
second poWer supply system supplying an operating poWer 
supply voltage for the memory cell array and the plurality of 
sense ampli?ers; and a third poWer supply system supplying 
an operating poWer supply voltage for a peripheral circuit 
including the address buffer. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
A semiconductor memory device according to another 

con?guration of the present invention includes: a memory 
cell array having a plurality of memory cells arranged in 
roWs and columns, a plurality of Word lines arranged cor 
responding to the roWs, and a plurality of bit line pairs 
arranged corresponding to the columns; a plurality of sense 
ampli?ers provided corresponding to the plurality of bit line 
pairs and each amplifying a voltage difference on corre 
sponding bit line pair; a peripheral circuit for controlling an 
operation in the memory cell array; a sense poWer supply 
control circuit generating a sense control signal; and a sense 
poWer supply circuit controlling supply of an operating 
poWer supply voltage for the plurality of sense ampli?ers in 
response to the sense control signal. The memory cell array 
and the plurality of sense ampli?ers receive a ?rst voltage as 
an operating poWer supply voltage, While the peripheral 
circuit receives a second voltage as an operating poWer 
supply voltage. The sense poWer supply control circuit 
includes a signal generation circuit operating upon receiving 
the second voltage, so as to generate a signal indicating an 
operation period of the plurality of sense ampli?ers, and a 
level conversion circuit converting the signal having the 
second voltage generated by the signal generation circuit as 
an amplitude to a signal having the ?rst voltage as an 
amplitude, so as to generate the sense control signal. 
A semiconductor memory device according to yet another 

con?guration of the present invention includes: a plurality of 
memory cells arranged in roWs and columns in ?rst and 
second areas; a Word line arranged corresponding to each of 
the roWs; ?rst and second bit line pairs arranged in the ?rst 
and second areas respectively so as to correspond to each 
column; a sense ampli?er circuit provided betWeen the ?rst 
and second areas so as to correspond to each column and 
shared by the ?rst and second bit line pairs; and a sense 
ampli?er control circuit generating signals controlling an 
operation of the sense ampli?er circuit. The sense ampli?er 
circuit includes: a sense ampli?er unit amplifying a voltage 
difference betWeen a sense node pair; a ?rst bit line isolation 
sWitch connected betWeen the ?rst bit line pair and the sense 
node pair and turned on or off in response to a ?rst control 
signal generated by the sense ampli?er control circuit; a 
second bit line isolation sWitch connected betWeen the 
second bit line pair and the sense node pair and turned on or 
off in response to a second control signal generated by the 
sense ampli?er control circuit; a ?rst precharge/equaliZation 
circuit connecting the ?rst bit line pair to a prescribed 
voltage When the ?rst bit line isolation sWitch is turned off 
in response to an inverted signal of the ?rst control signal; 
a second precharge/equaliZation circuit connecting the sec 
ond bit line pair to the prescribed voltage When the second 
bit line isolation sWitch is turned off in response to an 
inverted signal of the second control signal; a logic circuit 
detecting turning off of both of the ?rst and second bit line 
isolation sWitches based on the ?rst and second control 
signals; and a third precharge/equaliZation circuit connect 
ing the sense node pair to the prescribed voltage in response 
to detection by the logic circuit. 

Therefore, a primary advantage of the present invention 
resides in ability to set the operating power supply voltage 
for the column decoder, that is, a high-level voltage for the 
column selection line, independently of the operating poWer 
supply voltage for the memory cell array and the sense 
ampli?er circuit (array-relevant circuit) as Well as of the 
operating poWer supply voltage for the peripheral circuit 
other than the column decoder. Accordingly, in the semi 
conductor memory device driven With a loW voltage for 
attaining loWer poWer consumption, higher e?iciency in 
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bum-in test as Well as improvement in a data hold charac 
teristic and an operation With higher speed are all achieved. 
In particular, the operating poWer supply voltage for the 
column decoder during normal operation is set as an inter 
mediate voltage betWeen the operating poWer supply voltage 
for the peripheral circuit and the operating poWer supply 
voltage for the array-relevant circuit, so that improvement in 
the data hold characteristic and the operation With higher 
speed can be balanced. 

In addition, according to the semiconductor memory 
device of the present invention, supply of the operating 
poWer supply voltage to the sense ampli?er can be con 
trolled by the sense control signal having the operating 
poWer supply voltage for the memory cell array and the 
sense ampli?er circuit (array-relevant circuit) as an ampli 
tude, instead of the operating poWer supply voltage for the 
peripheral circuit. Therefore, even When the operating poWer 
supply voltage for the array-relevant circuit is higher than 
the operating poWer supply voltage for the peripheral circuit, 
the supply of the operating poWer supply voltage to the sense 
ampli?er can reliably be cut off. As a result, the bum-in test 
can e?iciently be conducted in a semiconductor memory 
device having a con?guration suitable for attaining loWer 
poWer consumption and having different thicknesses of the 
gate insulating ?lms of the transistors in the peripheral 
circuit and the array-relevant circuit. 

Moreover, in a shared sense ampli?er con?guration, the 
precharge/equalization circuits are provided corresponding 
to the sense node pair and the ?rst and second bit line pairs 
arranged on opposing sides, respectively. Therefore, if a 
defect such as short-circuit takes place, the short-circuited 
portion can be disconnected and a precharge/equalization 
operation can be performed, thereby reducing a stand-by 
current. In particular, as execution of the precharge/equal 
iZation operation can be instructed based on the control 
signal instructing connection/disconnection betWeen the 
sense ampli?er and the ?rst and second bit line pairs, the 
number of control signals generated in the sense ampli?er 
control circuit can be reduced and a circuit area can be made 
smaller. 

The foregoing and other objects, features, aspects and 
advantages of the present invention Will become more 
apparent from the folloWing detailed description of the 
present invention When taken in conjunction With the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic block diagram shoWing an overall 
con?guration of a semiconductor memory device in embodi 
ments of the present invention. 

FIG. 2 illustrates in detail an array con?guration of each 
memory block shoWn in FIG. 1. 

FIG. 3 is a circuit diagram illustrating in detail a sense 
ampli?er circuit shoWn in FIG. 2. 

FIG. 4 is a schematic block diagram shoWing a con?gu 
ration of a general poWer supply system shoWn as a com 
parative example. 

FIG. 5 is an operational Waveform diagram illustrating a 
timing of selection of a column selection line in an asyn 
chronous DRAM. 

FIG. 6 is a ?rst diagram shoWing transition of the voltage 
of a column selection line at a timing of sWitching of a 
column address in the asynchronous DRAM shoWn in FIG. 
5. 
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4 
FIG. 7 is a second diagram shoWing transition of a voltage 

of the column selection line at a timing of sWitching of the 
column address in the asynchronous DRAM shoWn in FIG. 
5. 

FIG. 8 is a schematic block diagram shoWing a con?gu 
ration of a poWer supply system in a semiconductor memory 
device according to a ?rst embodiment of the present 
invention. 

FIG. 9 is a circuit diagram shoWing a con?guration of a 
general column selection line driver shoWn as a comparative 
example. 

FIG. 10 is a circuit diagram shoWing a con?guration of a 
column selection line driver according to a second embodi 
ment. 

FIG. 11 is a circuit diagram shoWing a con?guration of an 
internal voltage generation circuit generating a column 
decoder poWer supply voltage (V DDC) in a poWer supply 
system according to a third embodiment. 

FIG. 12 is a circuit diagram shoWing a con?guration of an 
internal voltage generation circuit generating an array poWer 
supply voltage (VDDS) in the poWer supply system accord 
ing to the third embodiment. 

FIGS. 13A and 13B are conceptual diagrams illustrating 
a characteristic corresponding to an external poWer supply 
voltage, of the internal voltage generation circuit shoWn in 
FIG. 11. 

FIGS. 14A and 14B are conceptual diagrams illustrating 
a characteristic corresponding to an external poWer supply 
voltage, of the internal voltage generation circuit shoWn in 
FIG. 12. 

FIG. 15 is a circuit diagram shoWing a con?guration of a 
Write driver and a global data line precharge circuit accord 
ing to a fourth embodiment. 

FIG. 16 is a circuit diagram illustrating a con?guration for 
supplying poWer to a sense ampli?er circuit. 

FIG. 17 is a circuit diagram illustrating a con?guration of 
a general sense poWer supply control circuit shoWn as a 
comparative example. 

FIG. 18 is a circuit diagram shoWing a con?guration of a 
sense poWer supply control circuit according to a ?fth 
embodiment. 

FIG. 19 is a circuit diagram illustrating a con?guration of 
a general shared sense ampli?er con?guration shoWn as a 
comparative example. 

FIG. 20 is a circuit diagram shoWing a con?guration of a 
sense ampli?er circuit according to a sixth embodiment. 

FIG. 21 is a block diagram schematically shoWing a 
con?guration of a memory cell array in the shared sense 
ampli?er con?guration. 

FIG. 22 is a conceptual diagram illustrating a layout of an 
equalization signal generation portion according to the sixth 
embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

In the folloWing, embodiments of the present invention 
Will be described in detail With reference to the ?gures. It is 
noted that the same reference characters refer to the same or 
corresponding components in the ?gures. 

First Embodiment 

Referring to FIG. 1, a semiconductor memory device 
1000 according to the embodiment of the present invention 
includes a command decoder 10, an address buffer 15, a 
plurality of memory blocks MB(0) to MB(n) (n represents a 
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natural number), and a read/Write circuit 40. Corresponding 
to each memory block MB (collective denotation of memory 
blocks MB(0) to MB(n) Which Will be used hereinafter), a 
roW decoder 20 and a column decoder 30 are provided. 
Command decoder 10 decodes an external command 

control signal, so as to generate a command instructing data 
Writing, data reading, or the like. Address buffer 15 gener 
ates a roW address RA, a column address CA or the like for 
designating a memory cell to be selected, in accordance With 
an external address signal. Selection of memory block MB 
is performed also based on a partial bit of the address signal. 

Semiconductor memory device 1000 further includes 
local data line pairs LIOP(0) to LIOP(n) provided corre 
sponding to memory blocks MB(0) to MB(n) respectively, 
and a global data line pair GIOP provided in common to 
memory blocks MB(0) to MB(n). 

Each of local data line pairs LIOP (collective denotation 
of local data line pairs LIOP(0) to LIOP(n) Which Will be 
used hereinafter) is constituted of complementary local data 
lines LIO, /LIO. For example, local data line pair LIOP(0) 
is constituted of local data lines LIO(0) and /LIO(0), and 
local data line pair LIOP(n) is constituted of local data lines 
LIO(n) and /LIO(n). Similarly, global data line pair GIOP is 
constituted of complementary global data lines GIO and 
/GIO. 

I/O sWitches IOSW(1) to IOSW(n) for connecting a local 
data line and a global data line that are in phase are provided 
betWeen local data line pairs LIOP(0) to LIOP(n) and global 
data line pair GIOP, respectively. I/O sWitches IOSW(1) to 
IOSW(n) are turned on and off in response to block selection 
signals BS(0) to BS(n) indicating a result of selection from 
memory blocks MB(0) to MB(n) respectively. 

Read/Write circuit 40 drives global data lines GIO and 
/GIO so that a voltage difference in accordance With Write 
data input via a data bus DB in data Writing is produced. The 
voltage di?ference produced as a result of drive is transmitted 
to a selected memory cell in a selected memory array 
through I/O sWitch IOSW (collective denotation of I/O 
sWitches IOSW(1) to IOSW(n) Which Will be used herein 
after) and local data line pair LIOP. 

Read/Write circuit 40 ampli?es the voltage di?ference 
transmitted to global data lines GIO and /GIO via local data 
line pair LIOP and I/O sWitch IOSW in accordance With 
storage data in the selected memory cell in the selected 
memory block during data reading, and outputs the read data 
to data bus DB. Data bus DB transmits the read data and 
Write data to a not-shoWn input/ output interface. 

FIG. 2 illustrates in detail an array con?guration of each 
memory block shoWn in FIG. 1. Arrays in each memory 
block MB have a con?guration similar to each other. 

Referring to FIG. 2, memory block MB includes a 
memory cell array 100 in Which a plurality of memory cells 
MC are arranged in roWs and columns, a sense ampli?er 
Zone 110, and a data I/O Zone 120. 

In memory cell array 100, memory cells MC are arranged 
in roWs and columns so as to include a dummy roW 101. 
Word lines WLO to WL8 are arranged corresponding to 
memory cell roWs, and a dummy Word line DWL is arranged 
corresponding to dummy roW 101. 

In addition, bit line pairs BLP#0 to BLP#3 are arranged 
corresponding to memory cell columns. Each of bit line 
pairs BLP#0 to BLP#3 has complementary bit lines BL and 
/BL. For example, bit line pair BLP#0 has complementary 
bit lines BL#0 and /BL#0. Here, the number of memory cell 
roWs, memory cell columns and dummy roWs is not limited 
to the example shoWn in FIG. 2, and may be set to any value. 
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6 
Each memory cell MC is connected to either one of 

complementary bit lines BL and /BL every other line. For 
example, in the memory cell column corresponding to bit 
line pair BLP#0, the memory cells connected to Word lines 
WLO, WL2, WL4, WL6, WL8 corresponding to even 
number roWs respectively are connected to bit line BL#0, 
and memory cells MC connected to Word lines WL1, WL3, 
WL5, WL7 in odd-number roWs respectively are connected 
to bit line/BL#0. 

Each memory cell MC includes an access transistor 
formed using an active region 102, and a storage node 104. 
The access transistor is turned on in accordance With a 
voltage of corresponding Word line WL, and electrically 
connects one of source/drain connected to storage node 104 
to the other of source/drain connected to bit line BL or /BL. 
RoW decoder 20 controls a voltage of Word lines WLO to 

WL8 in accordance With roW address RA generated by 
address buffer 15. Speci?cally, Word line WL in a selected 
roW is set to a selected state (logic high level; hereinafter, 
simply referred to as “H level”), and Word line WL in a 
non-selected roW is set to a non-selected state (logic loW 
level; hereinafter, simply referred to as “L level”). 

In each memory cell MC in the selected roW, storage node 
104 is connected to corresponding bit line BL or /BL, in 
response to setting to an active state (H level) of correspond 
ing Word line WL. 
Column decoder 30 controls a voltage of column selection 

lines CSL#0 to CSL#3 provided corresponding to the 
memory cell columns respectively, in accordance With col 
umn address CA generated by address buffer 15. Speci? 
cally, column selection line CSL (collective denotation of 
column selection lines CSL#0 to CSL#3 Which Will be used 
hereinafter) in a selected column is set to a selected state (H 
level), and column selection line CSL in a non-selected 
column is set to a non-selected state (L level). 

Sense ampli?er Zone 110 includes sense ampli?er circuits 
S/A#0 to S/A#3 provided corresponding to the memory cell 
columns respectively. Sense ampli?er circuit S/A (collective 
denotation of sense ampli?er circuits S/A#0 to S/A#3 Which 
Will be used hereinafter) is connected to corresponding bit 
lines BL, /BL through bit line isolation sWitches BLIS, 
ZBLIS arranged in data I/O Zone 120 respectively. In other 
Words, bit line isolation sWitches BLIS#0, ZBLIS#0 to 
BLIS#3, ZBLIS#3 are provided corresponding to bit lines 
BL#0, /BL#0 to BL#3, /BL#3 respectively. Sense ampli?er 
circuit S/A receives a sense control signal described in detail 
later, Which controls an operation of the sense ampli?er 
circuit. 

Bit line isolation sWitches BLIS, ZBLIS are constituted of 
n-channel MOS transistors, and receive a bit line isolation 
signal BLI at each gate. When bit line isolation signal BLI 
is at L level, each bit line BL, /BL is electrically discon 
nected from sense ampli?er circuit S/A, and When bit line 
isolation signal BLI is at H level, each bit line BL, /BL is 
connected to corresponding sense ampli?er circuit S/A. 

Data I/O Zone 120 further includes local data lines LIO, 
/LIO and column selection gates CSG#0, ZCSG#0 to 
CSG#3, ZCSG#3 provided corresponding to the memory 
cell columns respectively. In the folloWing, column selection 
gates CSG#0 to CSG#3 are also collectively referred to as 
column selection gate CSG, and column selection gates 
ZCSG#0 to ZCSG#3 are also collectively referred to as 
column selection gate ZCSG. 

Local data lines LIO, /LIO are arranged as higher-level 
data lines so as to implement a hierarchy With respect to bit 
lines BL#0, /BL#0 to BL#3, /BL#3. 



US 7,102,935 B2 
7 

In each memory cell column, column selection gates CSG 
and ZCSG constituted of n-channel MOS transistors are 
provided betWeen corresponding bit lines BL, /BL and local 
data lines LIO, /LIO respectively. For example, column 
selection gates CSG#0 and ZCSG#0 are connected betWeen 
bit lines BL#0, /BL#0 and local data lines LIO, /LIO 
respectively. 

Each gate of column selection gates CSG, ZCSG is 
connected to corresponding column selection line CSL. For 
example, column selection line CSL#0 is connected to the 
gates of column selection gates CSG#0 and ZCSG#0. 
Accordingly, When column selection line CSL#0 is set to a 
selected state (H level), bit lines BL#0 and /BL#0 are 
connected to local data lines LIO and ALIO respectively, in 
response to tum-on of column selection gates CSG#0 and 
ZCSG#0. Here, as other column selection lines CSL#1 to 
CSL#3 are set to a non-selected state (L level), remaining bit 
lines BL#1, /BL#1 to BL#3, /BL#3 are not connected to 
local data lines LIO, /LIO. 

I/O sWitch IOSW has transistor sWitches connected 
betWeen local data lines LIO, /LIO and global data lines 
GIO, /GIO respectively. These transistor sWitches receive a 
common block selection signal BS (collective denotation of 
block selection signals BS(0) to BS(n) Which Will be used 
hereinafter) at the gates. Therefore, I/O sWitch IOSW is 
turned on When corresponding memory block MB is 
selected. Accordingly, among memory blocks MB(0) to 
MB(n) shoWn in FIG. 1, solely local data lines LIO, /LIO in 
the selected memory block are electrically connected to 
global data lines GIO, /GIO. 

Read/Write circuit 40 has a Write driver 41 and a pream 
pli?er 42. Write driver 41 operates in response to a control 
signal WR activated in a Write operation, so as to produce a 
voltage difference in accordance With a control signal WDD 
indicating Write data transmitted on data bus DB betWeen 
global data lines GIO, /GIO. Preampli?er 42 operates in 
response to a control signal RD activated in data reading, 
and ampli?es the voltage di?ference transmitted to global 
data lines GIO, /GIO so as to generate read data RDD, for 
output to data bus DB. 

FIG. 3 is a circuit diagram illustrating in detail the sense 
ampli?er circuit shoWn in FIG. 2. 
As each sense ampli?er circuit S/A has a similar con?gu 

ration, FIG. 3 shoWs a con?guration of sense ampli?er 
S/A#0 and a corresponding portion as an example. 

Referring to FIG. 3, in memory cell array 100, memory 
cells MC are connected to bit line BL#0 in an even-number 
roW represented by Word line WLO, While memory cells MC 
are connected to bit line /BL#0 in an odd-number roW 
represented by Word line WL1. Memory cell MC includes an 
access transistor 105 Which is an n-channel MOS transistor 
formed in active region 102 shoWn in FIG. 2, and a capacitor 
106. Access transistor 105 is connected betWeen bit line 
BL#0 (or /BL#0) and storage node 104, and has the gate 
connected to corresponding Word line WL. Capacitor 106 is 
connected betWeen storage node 104 and a node supplying 
a cell plate voltage VCP. 

Bit lines BL#0 and /BL#0 are connected to sense nodes 
SN#0 and ZSN#0 constituting a sense node pair via bit line 
isolation sWitches BLIS#0 and ZBLIS#0. 

Sense ampli?er circuit S/A#0 has a precharge/equaliZa 
tion circuit 140 for precharging/equaliZing sense nodes 
SN#0 and ZSN#0 to a bit line voltage VBL, and a sense 
ampli?er unit 150 amplifying a voltage difference between 
sense nodes SN#0 and ZSN#0 (that is, betWeen the sense 
node pair). 
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8 
In general, bit line voltage VBL is set to 1/2 of an array 

poWer supply voltage VDDS comparable to a voltage ampli 
tude of a bit line, that is, VBLIVDDS/2. 

Precharge/equaliZation circuit 140 has n-channel MOS 
transistors 141 to 143. Sense ampli?er unit 150 has n-chan 
nel MOS transistors 151, 152 and p-channel MOS transis 
tors 153, 154. 

In a semiconductor device, normally, tWo types of tran 
sistors, that is, an MOS transistor supplied With an external 
poWer supply voltage and an MOS transistor supplied With 
an internal voltage obtained by doWn-converting the exter 
nal poWer supply voltage (hereinafter, referred to as “inter 
nal doWn-converted voltage”) are employed. Out of these 
tWo types of MOS transistors, the MOS transistor supplied 
With the internal doWn-converted voltage has a gate insu 
lating ?lm thickness smaller than that of the MOS transistor 
supplied With the external poWer supply voltage. In the 
present speci?cation, the MOS transistor having the former 
gate insulating ?lm is hereinafter referred to as a “small 
thickness transistor,” While the MOS transistor having the 
latter gate insulating ?lm is referred to as a “large thickness 
transistor.” It is noted that a voltage applied to the MOS 
transistor is not limited to the external poWer supply voltage 
and the internal doWn-converted voltage described above, 
and the large thickness transistor can be applied With a 
poWer supply voltage higher than that for the small thickness 
transistor. For example, as indication of a speci?c numeric 
value, the large thickness transistor has a gate insulating ?lm 
thickness of approximately 6 to 8 nm With respect to a poWer 
supply voltage of approximately 5V at the maximum, 
Whereas the small thickness transistor has a gate insulating 
?lm thickness of approximately 3 to 5 nm With respect to a 
poWer supply voltage of approximately 3V at the maximum. 

For example, access transistor 105 arranged in the 
memory cell array is constituted of the large thickness 
transistors, because a boost voltage is applied to its gate 
When corresponding Word line WL is selected. In general, if 
other manufacturing conditions such as impurity concentra 
tion are the same, the threshold voltage of the small thick 
ness transistor is loWer than that of the large thickness 
transistor. Though loWer threshold voltage is advantageous 
for an operation in higher speed, the threshold current at 
turn-off is increased. Therefore, if access transistor 105 is 
constituted of large thickness transistors, it is advantageous 
in terms of the data hold characteristic When the Word line 
is not selected. 
As shoWn in FIG. 3, in the present speci?cation, the 

n-channel MOS transistor and the p-channel MOS transistor 
are distinguished from each other by presence/absence of an 
arroW sign provided directly under the gate of the transistor. 
MeanWhile, the large thickness transistor and the small 
thickness transistor are distinguished from each other by 
presence/absence of a circle sign provided at a gate portion 
(the small thickness transistor is shoWn With a circle). 
MOS transistors 151 to 154 constituting sense ampli?er 

unit 150 are constituted of large thickness transistors, in a 
manner similar to access transistor 105 arranged in memory 
cell array 100. Bit line isolation sWitches BLIS, ZBLIS are 
also constituted of large thickness transistors. 
On the other hand, MOS transistors 141 to 143 constitut 

ing precharge/equaliZation circuit 140 are constituted of 
small thickness transistors. Though not shoWn, the MOS 
transistors constituting the peripheral circuits for controlling 
the operation in memory cell array 100 such as command 
decoder 10, address buffer 15, roW decoder 20, column 
decoder 30, or the like shoWn in FIG. 2 are also constituted 
of small thickness transistors. In addition, column selection 
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gates CSG#0 and ZCSG#0 described in connection With 
FIG. 2 are also constituted of small thickness transistors. 

In precharge/equaliZation circuit 140, n-channel MOS 
transistor 141 is electrically connected betWeen a supply line 
251 of bit line voltage VBL (hereinafter, also referred to as 
a VBL line 251) and sense node SN#0, and n-channel MOS 
transistor 142 is electrically connected betWeen VBL line 
251 and sense node ZSN#0. N-channel MOS transistor 143 
is electrically connected betWeen sense nodes SN#0 and 
ZSN#0. 

Each gate of n-channel MOS transistors 141 to 143 
commonly receives an equalization signal BLEQ. When 
equalization signal BLEQ is set to H level, n-channel MOS 
transistors 141 to 143 turn on, so as to precharge/equaliZe 
sense nodes SN#0 and ZSN#0 to bit line voltage VBL. 

In sense ampli?er unit 150, n-channel MOS transistors 
151 and 152 are connected to each other such that a 
cross-coupled type ampli?er is implemented betWeen a 
sense poWer supply node S2N and sense nodes SN#0, 
ZSN#0. Similarly, p-channel MOS transistors 153 and 154 
are connected to each other such that a cross-coupled type 
ampli?er is implemented betWeen a sense poWer supply 
node S21’ and sense nodes SN#0, ZSN#0. 

P-channel MOS transistor 155 is electrically connected 
betWeen a supply node of internal poWer supply voltage 
VDDS used as an array poWer supply voltage and sense 
poWer supply node S2P. N-channel MOS transistor 156 is 
electrically connected betWeen a ground node supplying a 
ground voltage Vss and sense poWer supply node S2N. MOS 
transistors 155 and 156 are also constituted of large thick 
ness transistors. 

If the con?guration is such that burn-in test can be 
conducted While sense ampli?er circuit S/A is isolated by bit 
line isolation sWitches BLIS and ZBLIS, MOS transistors 
151 to 156 associated With sense ampli?er unit 150 can be 
constituted of small thickness transistors. 

The gate of n-channel MOS transistor 155 receives a 
sense control signal ZSOP, and the gate of p-channel MOS 
transistor 156 receives a sense control signal SON. Array 
poWer supply voltage VDDS and ground voltage Vss are 
comparable to voltages of H level data and L level data 
respectively held by memory cell MC. 

FIG. 4 is a schematic block diagram shoWing a con?gu 
ration of a general poWer supply system in a semiconductor 
memory device, shoWn as a comparative example. 

In the con?guration shoWn in FIG. 4, an internal poWer 
supply voltage VDDP serving as the operating poWer supply 
voltage for peripheral circuit 90 other than the column 
decoder (hereinafter, also referred to as “peripheral poWer 
supply voltage VDDP”) is set to a level different from a level 
of array poWer supply voltage VDDS serving as the oper 
ating poWer supply voltage for array-relevant circuit 91 
including memory cell array 100, sense ampli?er circuit S/A 
and the like. Here, in general, VDDP is set to be higher than 
VDDS (VDDP>VDDS). 

Peripheral circuit 90 shoWn in FIG. 4 includes circuits 
except for column decoder 30 among the peripheral circuits 
for controlling the operation in memory cell array 100, i.e., 
the circuits constituted of small thickness transistors such as 
command decoder 10, address buffer 15, roW decoder 20, 
and the like shoWn in FIG. 2. On the other hand, array 
relevant circuit 91 includes circuits constituted of large 
thickness transistors. The difference in the operating poWer 
supply voltages described above corresponds to the differ 
ence in the thicknesses of the gate insulating ?lms of the 
MOS transistors. 
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10 
Conventionally, one of array poWer supply voltage VDDS 

and peripheral poWer supply voltage VDDP has commonly 
been employed as the operating poWer supply voltage for 
column decoder 30. This is because, if a voltage generation 
circuit for generating an internal poWer supply voltage is 
used in common, reduction in a layout area and facilitated 
design are achieved. 
On the other hand, it is sometimes advantageous and 

sometimes disadvantageous to employ either peripheral 
poWer supply voltage VDDP or array poWer supply voltage 
VDDS as the operating poWer supply voltage for column 
decoder 30, i.e., the voltage When column selection line CSL 
is selected (H level voltage). First, considering the data Write 
characteristic, higher H level voltage of column selection 
line CSL, that is, adoption of peripheral poWer supply 
voltage VDDP, enables higher operation speed, because a 
frequency characteristic is improved. 

MeanWhile, in an asynchronous DRAM (dynamic random 
access memory), loWer H level voltage of the column 
selection line, that is, adoption of array poWer supply 
voltage VDDS, tends to improve the data hold characteristic. 

FIG. 5 is an operational Waveform diagram illustrating a 
timing of selection of a column selection line in an asyn 
chronous DRAM. 
As shoWn in FIG. 5, in a page mode operation of the 

asynchronous DRAM, after roW address RA is given at time 
t0, column address is successively updated to CA#1, CA#2 
and CA#3 at time t1, t2 and t3 by a column address counter 
or the like. Accordingly, at time t1, column selection line 
CSL#1 rises from a non-selected state (L level) to a selected 
state (H level). 
At time t2, column selection line CSL#1 falls from H 

level to L level, While column selection line CSL#2 rises 
from L level to H level. 

FIGS. 6 and 7 shoW transition of a voltage of a column 
selection line at a timing of sWitching of a column address 
in the asynchronous DRAM shoWn in FIG. 5. 

FIG. 6 shoWs a Waveform When the H level voltage of the 
column selection line is set to array poWer supply voltage 
VDDS (loW voltage), While FIG. 7 shoWs a Waveform When 
the H level voltage of the column selection line is set to 
peripheral poWer supply voltage VDDP (high voltage). 

In FIG. 6, When a column address is sWitched at time ta, 
a voltage of a neWly selected column selection line 95 
gradually rises and approaches array poWer supply voltage 
VDDS. On the other hand, a voltage of a column selection 
line 96 that has been selected till then starts to fall from array 
poWer supply voltage VDDS toWard ground voltage Vss. 

Here, a turn-on voltage VCGon of column selection gates 
CSG, ZCSG shoWn in FIGS. 2 and 3 is loWer than array 
poWer supply voltage VDDS. As such, in FIG. 6, the column 
selection gate corresponding to column selection line 96 that 
has previously been selected is turned off at time tb. On the 
other hand, the column selection gate corresponding to 
neWly selected column selection line 95 is turned on at time 
tc, and the voltage of column selection line 95 attains array 
poWer supply voltage VDDS at time td. 

In this manner, When the H level voltage of the column 
selection line (array poWer supply voltage VDDS) is rela 
tively close to tum-on voltage VCGon of the column selec 
tion gate, simultaneous tum-on of a plurality of column 
selection gates When the column address is sWitched can be 
prevented. 

In contrast, as shoWn in FIG. 7, When the H level voltage 
of the column selection line (peripheral poWer supply volt 
age VDDP) is considerably higher than turn-on voltage 
VCGon of the column selection gate, turn-off time tb of the 
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column selection gate corresponding to column selection 
line 96 that has previously been selected and turn-on time tc 
of the column selection gate of the neWly selected column 
are reversed, resulting in generation of an overlap period 
during Which a plurality of column selection gates are 
simultaneously turned on. This may cause erroneous data 
Writing, resulting in poorer operation stability. 

Alternatively, in the asynchronous DRAM, it is necessary 
to perform an equalization operation on a data line at a 
timing of sWitching of a column address (time t1, t2, t3 in 
FIG. 5). Therefore, if the H level voltage of the column 
selection line is high and the column selection gate is turned 
on too early, erroneous data Writing may take place. For 
these reasons, particularly in the asynchronous DRAM, the 
data hold characteristic has been excellent When relatively 
loW array poWer supply voltage VDDS is employed as the 
H level voltage of the column selection line. 
Under such circumstances, With groWing tendency toWard 

an operation With a loWer voltage, the con?guration of the 
poWer supply system shoWn in FIG. 4 sometimes cannot 
achieve an ef?cient operation of column decoder 30. 

For example, When the operating poWer supply voltage 
for column decoder 30 is used commonly for array-relevant 
circuit 91, a problem tends to be caused during the burn-in 
test. As a defect is sufficiently accelerated so as to improve 
ef?ciency during the burn-in test, a voltage as high as 
possible should be applied so long as the gate insulating ?lm 
in the MOS transistor is not broken doWn. 

Whereas the MOS transistor in array-relevant circuit 91 is 
constituted of large thickness transistors, column decoder 30 
of Which high-speed operation is desired is constituted of 
small thickness transistors. As such, the level of the high 
voltage suitable for the burn-in test is different betWeen 
array-relevant circuit 91 and column decoder 30. If a com 
mon internal poWer supply voltage is supplied to both 
array-relevant circuit 91 and column decoder 30 as the 
operating poWer supply voltage, effective burn-in test may 
be impaired. 

In addition, since a difference betWeen array poWer supply 
voltage VDDS and the threshold voltage of the MOS tran 
sistor becomes smaller With the operation With a loWer 
voltage being dominant, an operation margin in the sense 
ampli?er is decreased. 
From the foregoing reasons, considering trade-off 

between the data hold characteristic in the sense ampli?er 
and the high-speed operation, the H level voltage of the 
column selection line, i.e., the operating poWer supply 
voltage for column decoder 30, noW needs to be set to an 
intermediate voltage betWeen peripheral poWer supply volt 
age VDDP and array poWer supply voltage VDDS, inde 
pendently of peripheral circuit 90 and array-relevant circuit 
91. 

FIG. 8 is a schematic block diagram shoWing a con?gu 
ration of a poWer supply system in a semiconductor memory 
device according to a ?rst embodiment of the present 
invention, in order to meet such a demand. 

Referring to FIG. 8, in the semiconductor memory device 
according to the ?rst embodiment, independent poWer sup 
ply systems are provided for peripheral circuit 90, array 
relevant circuit 91 and column decoder 30, respectively. In 
other Words, peripheral poWer supply voltage VDDP, array 
poWer supply voltage VDDS and column decoder poWer 
supply voltage VDDC generated independently of each 
other are supplied to peripheral circuit 90, array-relevant 
circuit 91 and column decoder 30 as the operating poWer 
supply voltage respectively. Peripheral circuit 90 includes 
address buffer 15 shoWn in FIG. 1. Array-relevant circuit 91 
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includes a Word line driver (not shoWn) to Which a boost 
voltage for selecting a Word line in roW decoder 20 in FIG. 
1, access transistor 105 constituting a memory cell, and the 
like. 

In the poWer supply system for array-relevant circuit 91, 
an internal voltage generation circuit 180 doWn-converting 
external poWer supply voltage EXTVCC supplied to an 
external poWer supply line 170 so as to generate array poWer 
supply voltage VDDS to an internal poWer supply line 181 
is arranged. In the poWer supply system for column decoder 
30, an independent internal voltage generation circuit 190 
generating a column decoder poWer supply voltage VDDC 
to an internal poWer supply line 191 is arranged. Here, a 
con?guration of a conventional voltage doWn converter 
(V DC) is applicable to internal voltage generation circuits 
180, 190. 

Similarly, the poWer supply system for peripheral poWer 
supply voltage VDDP may be con?gured With an internal 
voltage generation circuit (voltage doWn converter), or alter 
natively, it may be con?gured such that an internal poWer 
supply line 175 supplying peripheral poWer supply voltage 
VDDP is connected to external poWer supply line 170. In 
such a case, external poWer supply voltage EXTVCC is 
directly used as peripheral poWer supply voltage VDDP. 

According to a con?guration described above, the oper 
ating poWer supply voltage for column decoder 30, i.e., the 
H level voltage of the column selection line, can be set 
independently of array poWer supply voltage VDDS and 
peripheral poWer supply voltage VDDP. Therefore, more 
ef?cient burn-in test as Well as improvement in the data hold 
characteristic and the operation in higher speed can be 
achieved. In the semiconductor memory device driven With 
a loW voltage for loWer poWer consumption, more ef?cient 
burn-in test as Well as improvement in the data hold char 
acteristic and the operation in higher speed can thus be 
achieved. 

In particular, column decoder poWer supply voltage 
VDDC during normal operation is set as an intermediate 
voltage betWeen peripheral poWer supply voltage VDDP and 
array poWer supply voltage VDDS, so that the data hold 
characteristic and the operation in higher speed can be 
achieved in a Well-balanced manner. 

Second Embodiment 

A second embodiment describes a con?guration of a 
column selection line driver suitable for loWer poWer con 
sumption. 
As described previously, With the groWing tendency 

toWard loW-voltage drive of the semiconductor memory 
device in recent years, a smaller thickness of the gate 
insulating ?lm and a loWer threshold voltage of the MOS 
transistor have been promoted. Correspondingly, a threshold 
leakage current per unit area tends to increase. 

In particular, suppression of current consumption during 
stand-by (stand-by current) is demanded in the semiconduc 
tor memory device mounted on a portable instrument or the 
like. Therefore, reduction in the stand-by current in the 
column selection line driver driving a column selection line 
to a selected state or a non-selected state is demanded also 
in the semiconductor memory device according to the ?rst 
embodiment, that is, in the con?guration in Which the 
operating poWer supply voltage for the column decoder is 
independent. 

FIG. 9 is a circuit diagram shoWing a con?guration of a 
general column selection line driver shoWn as a comparative 
example. 


















